impairment of motor and neuronal function (Chu et al., 2009) . Similarly, mutation of a tRNA 60 along with loss of GTP Binding Protein 2 (GTPBP2), a protein important for resolving stalled 61 ribosomes, causes neurodegeneration (Ishimura et al., 2014 ). Yet the mechanisms by which 62 ribosome stalling and defects in co-translational quality control drive neurodegenerative disease 63 remain poorly understood. 64 To understand the effects of defective proteins produced by stalled translation on cells, 65 we studied the fate of escaped RQC substrates arising from the translation of nonstop mRNA. 66 Nucleolar targeting increases solubility of amyloidogenic 114 proteins 115 Nucleolar targeting has been proposed to solubilize misfolded proteins (Frottin et al., 116 2019; Mediani et al., 2019) . To understand the effect of nucleolar localization on our reporters, 117
we took advantage of our observation that GFP-UTR localized to both nucleoli and the cytosol. 118
This allowed us to use an amyloid-specific dye (Amylo-glo) to probe for amyloid state of GFP-119 UTR in different compartments of the same cell. Strikingly, GFP-UTR stained for Amylo-glo in 120 the cytosol (suggesting the presence of amyloid) but not in the nucleolus (suggesting soluble 121 protein) ( Fig. 2a, b ). Proteins trapped within aggregates can be less able to exchange with other 122 proteins and thus demonstrate decreased mobility by fluorescent recovery after photobleaching 123 (FRAP) analysis. We found that the perinuclear aggregate fraction of GFP-UTR had 124 dramatically reduced mobility relative to the nucleolar fraction of the protein (Fig. 2c ). 125 Collectively, these data suggest that the nucleolar environment solubilized protein that would 126 otherwise have aggregated in the cytosol. 127 To understand the effect of nucleolar localization of nonstop proteins, HeLa cells were 128 transfected with fluorescent reporters with differing C-termini and stained for amyloid ( Fig. 2d ). 129
GFP-nonstop-expressing cells stained negatively for nucleolar amyloid, similar to GFP-stop 130 (Fig. 2d , top two panels). However, GFP-nonstop is expressed at relatively low levels due to its 131 mRNA being a constitutive target of nonstop mRNA degradation (Klauer and van Hoof, 2012) . 132 To increase the levels of the protein product, we encoded an equivalent sequence to GFP-133 nonstop on a gene containing a terminal stop codon, GFP-UTR-polyK. GFP-UTR-polyK was 134 expressed at much higher levels and, in contrast to GFP-nonstop, caused strong Amylo-glo 135 staining within nucleoli ( Fig. 2d , middle panel). The UTR sequence was essential for this effect, 136
as expression of GFP-polyK resulted in no Amylo-glo staining ( Fig. 2d , second to bottom panel), 137
while GFP-UTR produced Amylo-glo positive cytoplasmic aggregates (Fig. 2d , bottom 138 panel).These results suggest that the load of invading proteins determine if the nucleolar 139 environment will be able to solubilize them. Measurements of reporter mobility by FRAP 140 supported this model; GFP-polyK had the highest mobility, GFP-nonstop had a reduced mobile 141 fraction and a somewhat delayed recovery time, and the high-expressing GFP-UTR-polyK had 142 reduced mobile fraction and a further delayed recovery time ( Fig. 2e ). Using centrifugation to 143 separate soluble and insoluble proteins revealed the same hierarchy of effect; the GFP-stop and 144 most of the GFP-nonstop were found in the soluble fraction ( Fig. 2f ). By contrast, the majority of 145 the GFP-UTR was insoluble, likely representing the perinuclear aggregates, with the soluble 146 portion being the nucleolar GFP. The GFP-UTR-polyK is proportionately more soluble than 147 GFP-UTR, consistent with an increased solubility in nucleoli versus the cytosol (note that the 148 presence of polylysine also likely contributes to the increased solubility of GFP-UTR-polyK vs. 149
GFP-UTR independent of nucleolar localization). Taken together, these data support a model of 150 enhanced solubility being conferred through localization in the nucleolar compartment and 151 interaction with resident nucleolar proteins. 152 153 LTN1 depletion disrupts nucleoli 154 We sought to probe the consequences of the influx of endogenous nonstop proteins into 155 nucleoli that is predicted to occur with higher substrate load due to impaired RQC. We blocked 156 RQC by knocking down LTN1, the E3 ligase that marks nonstop proteins for degradation. In 157 cells depleted of LTN1, endogenous nonstop substrates are predicted to escape degradation 158 and build up in the nucleolus. To assay nucleolar integrity, we measured the ability of nucleoli to 159 recover from stress induced by the proteasome inhibitor MG132. MG132 induces nucleolar 160 amyloid body formation (an indicator of nucleolar stress) that can dissolve following the removal 161 of MG132 (Mediani et al., 2019) ( Fig. 3a, b ). Cells lacking LTN1 had defects dissolving nucleolar 162 5 amyloid bodies after MG132 removal, suggesting that in the absence of LTN1, nucleoli were 163 more vulnerable to stressors. This is consistent with the model that impaired RQC causes 164 increased levels of nonstop proteins that then invade the nucleolus, interact with resident 165 proteins, and alter nucleolar state. 166 We next explored if interactions with escaped RQC substrates alters nucleolar 167 dynamics. The nucleolus is an archetypal membraneless organelle that is formed at least in part 168 through liquid-liquid phase separation (Feric et al., 2016; Mitrea et al., 2016) . Nucleoli are self-169 organizing and serve to concentrate RNA and proteins into a constrained space, thus enhancing 170 reactions (Lam and Trinkle-Mulcahy, 2015) . We hypothesized that an influx of new proteins into 171 nucleoli may thus impact the dynamics of nucleolar-resident proteins. To test this, we examined 172 the mobility of the nucleolar protein fibrillarin (FBL) in cells treated with a non-targeting siRNA 173 control (siSCR) compared with cells treated with siLTN1. Fluorescent recovery after 174 photobleaching (FRAP) of GFP-FBL revealed that the mobile fraction was significantly higher in 175 siLTN1 cells ( Fig. 3c ), indicating that a larger pool of GFP-FBL is undergoing exchange within 176 nucleoli. 177
High levels of nonstop protein can exceed the capacity of endogenous LTN1 ( Fig. S2a ). 178
Thus overexpression of a nonstop reporter serves as an orthogonal method to LTN1 siRNA for 179 increasing the cellular burden of escaped RQC substrates. Exogenous expression of RFP-180 nonstop but not RFP-stop was sufficient to recapitulate the enhanced mobile fraction of GFP-181 FBL seen with siLTN1 ( Fig. 3d ). Taken together, these results suggest that when levels of LTN1 182 are insufficient to ubiquitylate the pool of polyK-containing nonstop substrates, these substrates 183 enter the nucleolus, interact with resident proteins, and alter nucleolar dynamics. 184 We next looked to assess changes in nucleolar morphology, as it provides a visible 185 readout of the underlying biophysical state of the nucleolus (Brangwynne et al., 2011) . Because 186
HeLa are a transformed cell line with heterogeneous nucleoli, we instead used human umbilical 187 vein endothelial cells (HUVEC), which have more homogeneous nucleolar morphology. HUVEC 188 are primary cells that can be cultured in vitro and are amenable to high throughput imaging due 189 to their flat, uniform appearance. Cells were immunostained with the nucleolar marker nucleolin 190 and qualitative differences could be observed between nucleolar morphologies, with siLTN1 191 nucleoli appearing smaller and rounder than siSCR nucleoli ( Fig. 3e -g). To quantify these 192 differences, we systematically analyzed cells (>1500 cells/condition) for nucleolar area, extent 193 (~roundness), eccentricity (~circularity), and the size of the largest nucleolus per cell. 194 Quantitative analysis confirmed that siLTN1 nucleoli were smaller, rounder, more circular, and 195 the largest nucleolus per cell was smaller than siSCR nucleoli. Next, we sought to determine if 196 we could recapitulate the altered nucleolar morphology with GFP-nonstop expression alone, as 197 with the nucleolar mobility phenotype (Fig. 3b ). Indeed, expression of the GFP-nonstop 198 substrate had similar effects on nucleolar morphology, with a reduced area, greater extent, less 199 eccentricity, and reduced size of the largest nucleolus per cell relative to a GFP-stop control 200 ( Fig. 3h ). Both the overexpression of GFP-nonstop (which localizes to nucleoli) and knockdown 201 of LTN1 (which stabilizes endogenous nonstop proteins, which may translate through the 202 poly(A) tail and localize to nucleoli) result in an increase in nucleolar-localized proteins. We next 203 sought to determine if the morphological changes were simply from the excess burden of 204 nucleolar proteins. To address this, we expressed GFP-polyK in HUVEC cells and found that 205 they had no significant changes in nucleolar morphology ( Fig. S2b ). Collectively, both the 206 disruption of nucleolar dynamics and morphology suggest that nucleoli are affected when a 207 cell's LTN1 capacity is limited due to siRNA knockdown or from nonstop protein over-208
expression. Furthermore, the change in nucleolar morphology does not occur simply due to the 209 influx of generic protein into nucleoli, as expression of GFP-polyK did not result in the same 210 effect, and thus appears to be caused by specific features of nonstop substrates. 211 212 6 Altered nucleolar morphology may be explained by increased 213 intermolecular interaction strength 214 We sought to understand why an increase in nucleolar proteins might alter morphology 215 through computational modeling. The polyK tracts of nonstop proteins have a strongly positive 216 charge, are predicted to be unstructured, and likely have extensive electrostatic interactions with 217 negatively charged nucleolar material (including nucleic acids). Similarly, FBL contains an 218 unstructured N-terminal RGG domain with a high degree of positive charge, such that we 219 speculated that FBL and polyK tailed proteins could interact with the same binding partners. For 220 our simple model, we assumed that FBL and polyK tracts compete for a single substrate, and 221 that the polyK tail is able to outcompete FBL. This results in decreased eccentricity and size of 222 nucleoli due to stronger intermolecular interactions ( Fig. 4a, b ). As a quantitative illustration, the 223 relationship between polymer interaction strength, eccentricity, asphericity and droplet volume 224
for a simple two-component (polymer and solvent) phase separated droplet is shown in Fig. 4c  225 (see Supplemental Methods for further details). Thus, the morphological changes to nucleoli are 226 consistent with a model in which the partitioning of nonstop proteins into nucleoli strengthens 227 the driving force for phase separation. Intriguingly, while GFP-polyK partitions into the 228 nucleolus, it does not lead to a change in size and eccentricity ( Fig. S2b ). This suggests that the 229 observed nucleolar changes with GFP-nonstop are not simply due to the interactions that 230 facilitate partitioning into the nucleolus, but that the translated 3' UTR, which is predicted to be 231 aggregation-prone and is enriched in hydrophobic residues ( Fig. S2c ), contributes attractive 232 intermolecular interactions. 233 We next sought to construct a simple biophysical model to explain our observations. We 234 defined a simple single-bead-per-protein lattice-based model in which GFP-polyK or nonstop 235 proteins partition into a phase separated droplet consisting of 'nucleolar material'. We assume 236 the polyK motif present in both proteins interacts equivalently strongly with nucleolar material 237 and able to outcompete an endogenous nucleolar components (e.g. FBL). A model in which 238 nonstop protein outcompetes FBL is also consistent with the higher FBL mobile fraction 239 observed from FRAP experiments ( Fig. 2b ). GFP-nonstop may engage in additional non-240 specific interactions with the nucleolar material driven by hydrophobic residues from the 241 translated 3' UTR which are absent in GFP-polyK. According to this model, GFP-polyK robustly 242 partitions into the droplet but there are no concentration-dependent changes to droplet 243 morphology ( Fig. 4d, e ). In contrast, GFP-nonstop protein displays enhanced partitioning and 244 concentration-dependent morphological changes, with droplets becoming smaller and rounder 245 with increasing concentrations of GFP-nonstop ( Fig. 4d In this work, we examine how cells are affected when stalled proteins escape co-256 translational quality control. We find that the protein products of nonstop mRNAs accumulate in 257 nucleoli via polyK tracts produced by translation of poly(A) tails. We posit that the exposed 258 hydrophobic residues of misfolded regions of defective proteins interact with resident nucleolar 259
proteins. This increases the solubility of nonstop proteins but disrupts nucleolar dynamics and 260 morphology ( Fig. 4g ). 261 7 Because 3' UTRs did not evolve to be translated, they may not have been subjected to 262 negative selection disfavoring aggregation-prone, pathologic sequences. As with our reporter 263 UTR, translation of the 3' UTR of some disease associated nonstop transcripts have been 264
shown to unmask aggregation-prone, hydrophobic sequences ( be an important quality control strategy. Similarly, misfolded proteins generated by translation of 268 prematurely polyadenylated mRNA may be solubilized and less toxic to cells within nucleoli. 269
The interaction of escaped quality control substrates with nucleoli is supported by the 270 finding that model substrates are more soluble in nucleoli than in the cytoplasm. Remarkably, we found that despite altering nucleolar composition, mobility, and 297 morphology, nucleoli were able to create normal levels of ribosomes and support normal growth 298 rates ( Fig. S3a-d ). This implies that nucleolar function is largely robust to changes in cellular 299 conditions yet that nucleolar state is an early indicator of cellular stress below toxic levels. 300
Nucleolar morphology is currently used as a biomarker for cancer ( 341 Lipofectamine RNAiMAX (Invitrogen) was used for siRNA transfection of HUVEC cells 342
according to the manufacturer's protocol. siRNA transfections were done every third day with 343 assays performed on day five. Knockdown was confirmed by qPCR and/or by flow cytometry 344
(assaying for siLTN1 stabilization of the RFP-T2A-GFP nonstop reporter).
346
Amylo-glo staining 347 HeLa cells seeded on non-coated glass coverslips were transfected with cDNAs encoding GFP-348 stop, GFP-nonstop, GFP-UTR, GFP-polyK, and GFP-UTR-polyK using Lipofectamine 2000 349 (Thermo Scientific) according to the manufacturer's instructions. 24 hr later, cells were washed 350 with cold PBS, fixed for 9 minutes at room temperature using 3.7% formaldehyde in PBS and 351 permeabilized with 0.2% Triton X-100 inPBS. Cells were then stained for 15 min at room 352 temperature with Amylo-glo (1X) in 0.9% NaCl and washed for 5 min with 0.9% NaCl. Cells 353 were immediately analyzed by confocal microscopy.
354
For experiments in LTN1-depleted cells, HeLa cells seeded on non-coated glass coverslips 355
were lipofected with either siGENOME Non-Targeting siRNA (siRNA CTL) or with a SMARTpool 356 ON-TARGETplus LTN1 siRNA (L-006968-00-0005, Dharmacon). 48 hr post-transfection, cells 357 9 were either left untreated or treated with 10 µM MG132 for 13 hr, followed by recovery in drug-358 free medium for 5 hr. Cells were then processed for Amylo-glo staining as described above.
360
Immunostaining 361 On the fifth day following the start of knockdown, the day after reporter transfection, or the 362 second day after AAV reporter infection, HUVEC cells were washed once with PBS (Invitrogen) 363
and fixed for 15 minutes with 4% formaldehyde (Ted Pella). After two PBS washes, cells were 364 permeabilized and blocked with 10% FBS, 1% BSA, and 0.1% Triton X-100 (Sigma-Aldrich) for 365 30 min. Then, mouse α-nucleolin (C23) antibody (clone MS-3; Santa Cruz Biotechnologies) 366 diluted in permeabilization/block buffer (1:5000) was added for 2-4 hr at room temperature. 367
Following three 5 min PBS washes, goat α-mouse IgG secondary antibody (DyLight 650; 368
Thermo Fisher Scientific) diluted in permeabilization/block buffer (1:1000) was incubated for 1-2 369 hr at room temperature. After three PBS washes, nuclei were stained with Hoescht. Other 370 antibodies used for immunostaining and any procedural modifications are listed below: mouse 371 α-UBF (1:100, Santa Cruz Biotechnologies) -cells were fixed with ice-cold methanol for 5 min, 372 then blocked and stained with primary and secondary antibody in 10% FBS and 1% BSA in 373 PBS; rabbit α-FBL (1:500, One World Labs); and rabbit α-NPM1 (1:1000, Santa Cruz 374 Biotechnologies). 375 376 377 24 hr after transfection, cells were harvested in a buffer containing 1% NP-40 (50 mM Tris-HCl, 378 pH 7.4, 150 mM NaCl, 0.25% deoxycholic acid, 1% NP-40, and 1 mM EDTA) and passed 379 through a 26G needle 3 times. Cells were lysed on ice for 10 min, then spun at 10,000 x g at 380 4°C for 10 min. The supernatant was collected as NP-40 soluble fraction, while the pellet (NP-381 40 insoluble fraction) was resuspended with 2% SDS Laemmli buffer. Protein fractions were 382 boiled for 3 minutes at 100°C, reduced with β-mercaptoethanol and separated by SDS-PAGE, 383 followed by western blot using an anti-GFP antibody (632381, Clontech).
Fractionation of NP-40 soluble and insoluble proteins

385
High-throughput nucleolar morphology microscopy 386 HUVEC cells were infected with AAV (MOI of 10) expressing reporter constructs for two days or 387 siRNA knockdown was performed for 5 days. Cells were then fixed and immunostained as 388 described in the Immunostaining section. was bleached for 1 sec using a laser intensity of 100% at 405nm. Recovery was recorded for 423 120 time points after bleaching (120 sec). Analysis of the recovery curves was carried out using 424 a custom written FIJI/ImageJ routine. The equation used for FRAP analysis is as follows 425
((Ibleach -Ibackground)/(Ibleach(t0) -Ibackground(to)))/((Itotal -Ibackground)/(Itotal(t0) -426
Ibackground(to))), where Itotal is the fluorescence intensity of the entire cellular structure, 427
Ibleach represents the fluorescence intensity in the bleach area, and Ibackground the 428 background of the camera offset. Fluorescent density analysis was performed using FIJI/ImageJ 429 and selecting specific region of interest (ROI). When necessary, image drift correction was 430 applied using StackReg plug-in function of the FIJI software suite prior to FRAP analysis. FRAP 431 curves were averaged to obtain the mean and standard deviation. 432 433
Flow cytometry 434 HeLa cells were trypsinized and resuspended in serum-free media supplemented with 5 mM 435 EDTA prior to measurement on an Accuri C6 plus cytometer equipped with 488 and 640 nm 436 lasers (BD Biosciences). Untransfected cells were gated out during analysis. 437 438
AAV production and infections
439
293T cells were transfected with adenovirus helper, AAV helper and pAAV CMV GFP 440 constructs using HBS-calcium chloride transfection. Adherent and floating cells were collected 441 after 3 days and freeze-thawed three times, treated with Benzonase for 30 min at 37°C, and 442 supernatants were collected after spinning for 13,500 rpm for 30 min at 4°C. 443 444
Hydropathicity assessment 445 The translated sequence of the GFP-nonstop 3'UTR was run through the ExPASy ProtScale 446 amino acid calculator for hydrophobicity (Gasteiger et al., 2005) Plasmid construction 461 The RFP-T2A-GFP nonstop and stop reporters were constructed by Gibson cloning the RFP 462 (mKate2), T2A, GFP (+/-stop codon), and pCDNA4.TO together. This resulted in a single 463 mRNA capable of producing two physically separate proteins (RFP and GFP) (Kim et al., 2011) . 464
The RFP-T2A-GFP GFP polyK(AAA) and (AAG) reporters were generated by restriction 465 enzyme cloning. The region between the 5' SnaBI (Eco1051) and 3' EcoRI sites in the reporters 466
were PCR amplified and the additional sequence (with a stop codon) was added on the reverse 467 primer. This fragment was then ligated into the RFP-T2A-GFP pCDNA4.TO backbone. All 468 constructs were confirmed by sequencing. 469 470
Flow cytometry 471 For the dual color RFP-T2A-GFP reporter, differences in plasmid expression levels were 472 accounted for by normalizing nonstop GFP levels to the RFP control. 473 474 475 EU staining 476 HUVEC cells were incubated with EGM-2 media containing 100 μM 5-ethynyl uridine (EU) for 477 25 min. Cells were then fixed with 4% paraformaldehyde for 15 min and permeabilized for 30 478 min with 0.1% Triton X-100 (Sigma-Aldrich) in PBS. Alexa-Fluor 594 azide was used to label 479 nascent RNAs following the Click-iT RNA Imaging Kit (C10330, Invitrogen) protocol. 480 481 482 HeLa cells were knocked down with siRNA for 5 days as described. On day 5, cells were 483 processed following the ONE-Glo + Tox cell viability assay (Promega). 484 485
Luciferase viability assay
Bioanalyzer 486 Total RNA was isolated from siRNA-treated cells using RNA-Bee (Tel-Test). RNA was analyzed 487 using a 2100 Bioanalyzer (Agilent) with the eukaryotic total RNA pico chip (Agilent). 488 489
Simulations
490
Simulations were performed on a cubic 3D lattice. Proteins are represented either as single 491 beads or as polymers of beads. Each bead only interacts with neighboring beads via a simple 492 intermolecular potential. The position of beads and polymers on the lattice are evolved using a 493 series of Monte Carlo moves evaluated by the Metropolis criterion that include molecular 494 translation/rotation, chain pivoting, and cluster translation/rotation. All simulations were run for 495 ~3x10 8 moves. In all simulations analyzed, a single droplet is formed and remains stable and at-496 equilibrium for the duration of the simulation. Volume is calculated through the projection of a 497 spherical envelope over the droplet. Eccentricity provides a measure of deviation from circularity 498 and is scaled between 0 (circle) and 1 (extended oblong) and is calculated by taking 2D 499 snapshots and performing image analysis of the resulting images using MATLAB (MathWorks). 500
Asphericity provides a measure of deviation from a perfect sphere and is scaled between 0 501 (sphere) and 1 (prolate ellipsoid) and is calculated directly from the droplet gyration 502
tensor (Holehouse et al., 2015) . Error is calculated as the standard error of the mean. 503
For two-component simulations (Fig. 4b, c ) 500 5-bead homopolymers were used. The 504
interaction strength between beads were titrated under a regime in which the polymers undergo 505 phase separation. Analysis was performed over the second half of the simulation. Five 506 independent simulations were performed per interaction strength. 507
For multi-component simulations (Fig. 4d, e ) proteins (GFP-polyK and nonstop protein) are 508
represented as single beads. Nucleolar material is represented by two different species; a 3-509 bead homopolymer (nucleolar RNA) and a single bead (FBL). All simulations use 300 nucleolar 510
RNA polymers (900 beads) and a total number of 600 additional proteins. In the absence of 511 GFP-polyK or nonstop protein, nucleolar RNA and FBL undergo phase separation to form a 512 stable two-phase system. To recapitulate the ability of GFP-polyK and nonstop protein to 513 outcompete FBL, we assume these components replace an equivalent number of FBL in our 514
system. This provides a simple manifestation of mutually exclusive interactions, although this 515 mode can also be achieved directly using a more complex interaction scheme that yields 516 equivalent results. As the number of GFP-polyK or nonstop protein increase, these components 517 partition into the nucleolus. However, only the nonstop protein engages in additional 518
interactions, leading to the decrease in droplet volume and increase in asphericity. For all 519 conditions, fifty independent simulations were performed. 520
While this is the simplest schema, we could construct to provide a physical model of our system, 521
we do not mean to suggest these simulations reflect the full complexity of the underlying 522 observed phenomena within the nucleolus. As an example, given our experiments demonstrate 523 that the partitioning of nonstop protein in the nucleolus reduces nucleolar volume, a possible 524 anticipated corollary is that there is a corresponding increase in nucleolar density. From 525 fluorescence studies we see no indication of such an increase in density (minimal change in 526 brightness), a result consistent with a model in which nonstop protein outcompetes one or more 527 components in the nucleolus. However, we cannot exclude the possibility that changes within 528 the nucleolar environment alter the manner in which fluorescence should be interpreted (a topic  529 of ongoing study by a number of groups). In short, given the complexity of the system, there are 530 a number of unknown variables we have chosen not to consider when drawing mechanistic 531 conclusions, despite the fact that the simplest explanation are broadly consistent with our 532 model. Instead, we present our simulation results as a simple, physical model of the emergent 533 behaviour expected upon the partitioning of an attractive species into a phase separated body 534 that outcompetes an endogenous component, a model that yields results consistent with both 535 the nucleolar dysregulation and the cytoplasmic aggregation of the 3' UTR. 536 537
Acknowledgements 538 We thank the members of the (B) As an expression control, RFP was encoded upstream of the GFP sequence in the same open reading frame and separated by a P2A peptide bond skipping sequence (Kim et al., 2011) . The translated RFP is released before the ribosome encounters the 3' portion of the mRNA containing the GFP-nonstop sequence, the 3' untranslated region (UTR) and poly(A) tail. This allows changes in GFP to be internally normalized to RFP, facilitating comparisons in GFP degradation between different conditions and reporters.
(C-D) Measurements of GFP-nonstop localization within nucleolar subcomponents as assayed by co-localization with fibrillar center, dense fibrillar, and granular component markers. (B) Quantified changes in nucleolar morphology of GFP-polyK (normalized to GFP-stop). Data are presented as standard deviations (SD) from the mean ± SE of the control distribution (GFP-stop) for >three independent experiments (>500 cells each).
(C) Hydrophobicity score (black) of the translated 3' UTR protein sequence, represented as 9 residue moving averages, where a higher score indicates greater hydrophobicity. The dashed black line represents the average hydrophobicity score of the human proteome based on the overall abundance of each amino acid (-0.36). Predicted aggregation tendency of the 3' UTR is depicted in orange. The dashed orange line indicates the threshold for a potentially aggregating segment (5%). 
